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AH INVESTIGATION OF THE EFFECT OF FABRIC CONSTRUCTION 
ON THE COLOR FASTNESS OF VAT DYES APPLIED TO COTTON CLOTH 
INTRODUCTION 
Due to the phys i ca l s e p a r a t i o n of the major func t ions of g ray 
c l o t h produc t ion , f i n i s h i n g , and f a b r i c a t i o n , t h e r e i s l i t t l e c o r r e l a -
t i o n betvreen the phys ica l and t h e chemical requ i rements of t e x t i l e 
f a b r i c s . Although t e c h n i c a l men w i l l admit t h a t a t l e a s t small v a r i a -
t i o n s i n co lo r f a s t n e s s may e x i s t because of d i f f e r ences i n f a b r i c con-
s t r u c t i o n , t h e r e i s l i t t l e evidence of s c i e n t i f i c exp lo ra t i on of t h i s 
problem. 
Sparks s t a t e s t h a t t h e r e i s a g r e a t need a t the p r e s e n t t ime f o r 
more fundamental r e s e a r c h i n t o bo th t h e f a s t n e s s of dyes and t h e r e l a t i o n 
between the phys ica l and the chemical c h a r a c t e r i s t i c s of t e x t i l e f a b r i c s . 
Dyeing i s a very impor tan t ope ra t ion i n a h igh ly compet i t ive i n -
d u s t r y . The dyer i s c o n t i n u a l l y p ressed t o match t h e r ap id p rog re s s 
being made i n t h e development of new f i b e r s , new b l e n d s , and new uses fo r 
f a b r i c s . To him i t i s becoming more and more e s s e n t i a l t o be a b l e to 
produce f a s t e r c o l o r s more cheap ly . I f , t h e r e f o r e , v a r i a t i o n s i n f a b r i c 
c o n s t r u c t i o n a f f e c t even to a very s l i g h t degree t h e r e s u l t s he i s en-
deavor ing to ach i eve , i t behcoves him to i n v e s t i g a t e them. Di f fe rences 
C. E. Sparks, "Need for Fundamental Research ," Proceedings of 
+ V>*» Voa-Hr t r r ~ r + u ~ ti™J-4 i ~ n. 1- T — J . J X „ J . _ IT 1 *• -• , " J •« ~i -i 
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which today are considered ins igni f icant , may by tomorrow become s ize-
able d i s t inc t ions , measurable in dol lars and cents . 
I t i s the purpose of t h i s paper to determine how the factor of 
fabric construction affects the color fastness of the dyed c lo th . 
A. Method of Attack 
In these invest igat ions an effort has been made to produce 
specimens of cotton cloth of uniform dyeing cha rac t e r i s t i c s , differing 
only in physical construct ion. Cotton yarns blended from the same l o t 
of raw stock were woven in one continuous s t r i p on the same warp and 
with the same loom. Three types of weaves, P la in , Twill, and Sateen, 
were made. Within each weave, a loose, a t i g h t , and a medium construc-
t ion was obtained by varying the picks per inch* 
This gray fabric was then finished in three groups — unmercerized 
ha If-mercerized, and fully mercerized. This va r i a t ion was prompted by 
the fac t that a l l are treatments comrjonly used on dyed fab r i c s . 
Two selected vat dyes were then applied to a l l specimens by the 
pad-steam process. 
Testing for color fastness to l igh t was performed in a standard 
Atlaa fade-ometer. Fastness to washing was t e s t ed by means of a "wash-
wheel* or "scrub" t e s t — a method widely used to evaluate dyed fabr ics . 
The resul t ing fading was then examined visual ly and by means of a 
photovolt refleetometer. 
B. Review of the Literature 
Many references may be found in current l i t e r a t u r e concerning the 
effect of factors such as f iber s t ructure and re s in treatments on the 
chemical charac te r i s t i cs of the dyed fab r i c , Hc-vrever, very l i t t l e 
material can be found concerning the effect of cloth construction on 
fastness cJiaracteris t ies* 
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Zimmerman, in a laboratory study of paddingj concludes tha t 
differences in constructions and weights affect the pick-up in dyeing 
because of var ia t ions in the porosity of the cloth and in the ra tes of 
-wetting-out. Again, Worlc discovered tha t unoriented and oriented yarns 
behaved in dyeing in a similar manner to immature and mature cotton 
f i be r s . He holds, therefore, that the degree of or ientat ion may be a 
cause of the var ia t ions in the dyeing charac te r i s t i c s of the f ab r i c . 
Although the infrared area of the sun's spectrum affects the 
fading of c lo th , Wilhela has found tha t the transmission (and hence 
the absorption) of these rays i s affected only by the nature of the 
fiber and by the average number of f i be r s in the path of i l lumination 
and not by the fabric construction, 
2 
C. L. Zimmerman and G. L. Royer, Effect of Fabric Construction 
en Dyeing (Calco Bulletin No. 6*08)• 
Robert 77. Work* "The Effect of Variations in De.̂ ree of Structural 
Order on Some Physical Properties of Cellulose and Cellulose Acetate Yarns," 
Textile Research Journal, 19:393> July, 191*9. 
^"Coulourist," "Effect of Light on Colours and Fabrics," Textile 
Manufacturer, 731278, June, 19li7. 
5R. H. Wilhelia and J. H. Smith, "Transrdttance, Reflectance and 
Absorptance of Near Infrared Radiations in Textile Materials," Textile 
Research Journal, 19i73> February, 19h9» 
EQUIPMENT 
A* Weaving 
Loom: Draper dobby, single cylinder, double index, automatic• 
B. Finishing (located in Pepperell Finishing Mil l , Pepperell , Alabama) 
All equipment was of a modern continuous open-width type, 
q , . p Gas-fired, dual range equipped with 
bingeing Kanget a t e B p e r a t u r e - c o n t r oiled stop action. 
Desizingt One-Dip Padder. 
„ , Caustic Saturator, 
Scouringi «J«-Box. 
Padder * 
„ . ,. Caustic Saturator. 
Mercerizationi „ . ~ 
Tenter Frame, 
Three Williams Units. 
Saturator, 
o-i u4 "^'-Box. 
Bleaching: ^ m i l a m s U n i t 8 < 
Drying Cans, 
C. Dyeing 
Laboratory model Pad-Steaai Eyeing machine. 
D. "Wash-Wheel" 
stashing machine of the cy l indr ica l , reversing type, equipped with 
a pipe for inject ing l ive steam (wheel dlaaeter = 2li inches) . 
£ . Atlas Fade-Caeter, Model FDA-R. 
F. Phntovolt Reflectometer, Model 610. 
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Mode/ Pad-Sf earn Machine. 
MMTOilALS 
A. ^<*rp and F i l l i n g Yarns 
1 . Yarn Counts 
Tfarpj 19.7' s 
Filling: 20.1'a 
Selvage: 22,8's/2 
2. Nuiaber of Ends in Warp 
Body of Cloth: 2160 Ends 
Selvage: 2k Ends 
Total: 2l3h Ends 
For analysis of yarn and other details see Table I. 
B. Dyed Cloth 
1. TIeaves 
P la in 
Twi l l , 2 / 1 r i ^ h t hand 
Sateen , modified (1-3-5-2-6-4;) 




3 . Degrees of Merce r i za t ion fo r Each Weave 
U n ^ r c e r i zed 
Half-Mercerized 
Fully Mercerized 
For cloth counts see Table H I . 
C. Dyes 
1. Ponsol Khaki 2Gj Double Paste, (du Pont) 
2. Ponsol Brc?m AG, Double Paste, (du Font) I.C. No. ll£2 
D. ^asb-Vheel" Test 
1. Chip Soap (one pound per gallon of water used) 
; 
TABLE I 




Length at 2$% Point: 
Mean Length: 
Coefficient of Variation! 
yjbro.yarih Hethod 
Upper Half Mean Length: 
Mean Length: 
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Warp F i l l ing 
Ac tua l Yarn Nunber 








KXPERI2&H TA L FTiOCED OK E 
A. We avi n j 
The warp .and filling yarns were donated by the Lindale Mill of 
the Pepnerell Manufacturing Company, All yarns were blended from the 
sans let of raw cotton. In this way, the variables in dyeing character-
istics due to fiber differences were minimized. 
All the cloth was woven in one continuous strir with the sane 
Draper dobby loon on the sane warp. Six harnesses with a straight 
drawing—in plan were used for all weaves, Moreover, the sane reeding 
plan of four ends per dent obtained throughout, 
Conversion from one weave to another was effected by chan^inj the 
pegging plan on the harness chain. Picks per inch were vari'.J by chang-
ing the pick gear. All possible variables due to machine operation were 
thus eliminated. 
The weaves chosen were Plain, Twill, and Sateen, these being con-
sidered the rest coinmcn ones in popular use. The six harnesses were 
chosen because this was the smallest nunfcer that could te used to produce 
all weaves. 
The selvage at each side of the cloth consisted of 12 plied ends 
and 3 double ends, A plain selvage was used for the plain weave, and a 
tape selvage for the twill and sateen. Four harnesses were used for 
the tape selvage, 
Operating conditions vrare maintained with the temperature ran-;e 
of 7li*-32*F and relative hunidity range of Jl$-?3£. The lccn speed 
averaged li;2 rpn. 
j . j i m a ' n n g 
Finishing of the fabric was carr ied out on the continuous open-
width ranges of the Pepperell Manufacturing Company in Pepperell , 
Alabama. Singeing was effected on an automatic, gas-fired ran^e, with a 
temperature—activated step siotion, Both sides of the cloth were singed 
a t lhO yards per minute, 
!Jext, the cloth passed through the tiesizinc; range. The process 
consisted of one dip (with no squeeze) into a hath of l/2 per cent 
Rhozyne IA and 1/12 per cent Triton X-100 at 150°F, Steeping took 
place in a hand truck for k% ffiinutea. Then followed a hot water wash 
in a Williams Unit. 
Scouring ?ras performed a t 75 yards per minute in a caustic 
sa tura te r containing 3 tc 3*-l/2 per cent sodium hydroxide, followed by 
a storage of kS n&nutea in a "J1'-box a t 205°F« The moisture pick-up was 
100-110 per cent . At t h i s point the cloth was divided intc three 
groups. Cne was l e f t unmercerized* 
Mercerization was performed at 75> yards per minute en the ether 
two groups. Half-mercerization was effected at 30*tw on the second} 
f u l l raercerization a t 51i*tw was applied to the th i rd . The cloth was 
f i r s t wet-cut by cne dip and one nip in a hot water bath and then .riven 
two dips and tyro nips in the caustic bath: 
• j n ' + v 
Half-Hercerization: "i. 0 „ ' 
9k r 
•^L^tw Full I 'ercerizat ion: ,,/<,„ 
116 F 
Next followed a passage over a heated tenter frame, with four warn water 
baths of the "suction" type at the latter end. Finally the cloth was 
given a hot water wash in three Williams Units. The finished width was 
10 
Bleaching w s carried out a t 75 yards per minute, with f i r s t two 
dips and two nips in a bath of 9 pounds per gallon of Albone 35 (hydrogen 
peroxide) and Ui pounds per gallon of sodiuui s i l i c a t e . After t h i s , the 
goods were stored for h5 minutes in a "JM-box. F ina l ly , a hot water 
irash was riven in tiro L i l l i ans Units, and the .-cods ^ere dried on 
drying cans. 
C. Dyeing 
All the te3 t specimens were dyed with vat colors on the continuous 
model pad-steam machine in the Atlanta laboratory of the E. T. du Font de 
Nemours and Company. All material was ;;iven the sane treatment, except 
tha t varying amounts of pitm^ent were applied t o the d i f ferent degrees of 
mercerization. 
In the se lect ion of dyes, four requirements were considered. The 
colors had to be in common use fcr clothing f a b r i c s , easi ly applied, level 
dyeing, and read i ly duplicated, 
Two typical va t colors were found to meet these q u a l i t i e s : 
(1) Ponsol Brown AG, Double Paste; a dye widely 
used in those c iv i l ian and mi l i t a ry fabr ics that 
req i i ire the highest fastness tc l i ^ h t and washing, 
(2) Ponsol Khaki 20, Double Pastei a widely used 
color, having a lower degree of wash f a s tness . 
The apparatus used was the laboratory model pad-steam cueing 
machine shown in Figure 1. This was b u i l t to duplicate the conditions 
in a ful l -s ized pad-steam machine. The single padder ?/us used both to 
pad the dye pigment and to impregnate the reduction solution. The 
steam-box unit was converted to a continuous washing unit by closing the 
steam in le t and opening the water valves . 
In order tc determine the dyeing cha rac te r i s t i c s of each cloth, 
11 
padded pigment migrated in drying in the places where the cloth had 
creased. Precautions were therefore taken in the regular dyeing runs to 
avoid this occurrence. 
In the dyeing procedure, the cloths having different constructions 
were processed in three continuous strips, one for each decree of ner-
cerization, The pigment was applied in the padder at li;0oF at the rate of 
12 feet per minute. In preparing the bath, the following amounts of the 
dye paste were weighed out, and then dispersed in a b-liter bath by 
stirring, straining, and heating to ll;0oF; 
Unmercerizedt 3.0 oz/gal. 
Half-Merceri zeds 2.7 oz/gal. 
Fully Mercerized: 2.2£ oz/gal. 
The padded fabric was then rolled on a hand reel, and carefully 
hung up to dry on wires strung up in the laboratory for that purpose, 
All air currents were eliminated by closing all outlets and stopping the 
electric fan. 
When dry, the strips of fabric were sewn together and passed in 
one group through the reduction process. Flake caustic soda and du Pont 
hydro sulphite were dispersed with du Poncl ISA paste in a 6-liter bath, 
and heated to li+0'F. Color pigment in the amount of 5> Pe** cent by volume 
was added to the reducing bath to prevent migration of the padded pigment 
from the cloth. The cloth was then irroregnated in the padder with cue 
dip and two nips at U.;0°7, The bath v;as continuously replenished, in 
order to keep the percentage of pigment therein constant. 
After two cold water washes in stainless steel tubs, with sub-
sequent squeezes in a wringer, the fabric was oxidized with l/2 ounce 
per gallon of sodium perborate at 120 °F for 20 minutes in a stainless 
steel tub, 
The a the material w-is scoured and r insed in the steam box ccn-
v e r t o d i nt o. a co n t i nuo 1 1 a wa sliing mac hi ne • Sc curing took p Li c e . i n a 
bath oz l /2 ounce per gallon of neutral soap f lakes , with four dips 
and two nip3 at 200'F. Finally a cold water wa3h with four dips and 
two nips was given in the same washing u n i t . 
D. Testing 
All specimens were tested for ccreparative color fastness by 
methods commonly used in the dyeing and finishing industry* 
1. Testing for Color Fastness to l i g h t 
In generalj a l l s amies for each comparison were exposed 
together , under the same conditions in a standard Atlas f3de-cmeter* 
This method of at tack eliminated a l l the machine var iables due to factors 
such as temperature, humidity, clouding of the glass globe, and f luctua-
t ions in the power source. 
Furthermore, each macldne run was cal ibra ted to determine the 
equivalent number of standard fading hours, by means of Light Sensitive 
Paper No. l5$k, currently used by the National Bureau of Standards as the 
fading standard for t e x t i l e s , Iteasurerjent was made of the reflectance 
of a l l papers, in terms of magnesium oxide as a standard, on a photovolt 
refleetometer, using an amber f i l t e r . The r e su l t s were plotted on the 
standard fading curve fcr the paper, and the corresponding abscissas 
determined. These represented the number of standard fading hours that 
would have caused the same degree of fading. 
Standard Fading Curve for Li;ht Sensi t ive Paper No. 15511 Un-
• 1 1 T-» k # » • «» •"• - _ . 
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Thirty-three calibrations in all vere aide, lumbers l-l£ were 
verified by. having the papers sent tc the National Bureau cf Standards. 
The results cellared very closely with those determined on the phetovolt 
machine* 
Tire methods cf attack were used in measuring the fastness to light. 
In one, the point of initial fading or "break" point was determined. In 
the otherj an examination was made of the behavior of the samples at 
fixed points of fading. 
a. Determination of Initial Fading Points 
Each set of samples was exposed together in successive 
periods of approximately 15 standard fading hours. At the end of each 
period the samples were visually examned for fading in the same room ne;j? 
a north window. Light conditions were chosen as closely as possible to 
moderately blue northern light. Two degrees of fading were determined! 
(1) barely perceptible fading — that which was not discernible at first 
glance, but was detected after intent examination, with the plane of the 
sample being rotated to facilitate observation; (2) readily discernible 
fading — that which was evident at once when the specimen was hold at 
arms length at right angles to the line of vision, with the light source 
striking the sample at an angle of US* • 
b. Quantitative Examination of Fading 
In t h i s t e s t a separate set cf specimens was ex-
posed for each of three widely separated periods: 
Ponsol Brown AG: 81-110-238 Standard Fading Hours. 
Ponsol Khaki 2G: 109-137-225 Standard Fading Hcurs. 
All samples and the i r controls were then placed on a table under 
northerly l i gh t and examined visual ly for r e l a t i ve fading, 
Attention was focused on the- quant i ta t ive less of color , hue 
changes such, as "rodder" and "greener", and loss of br ightness . Samples 
were c lass i f ied according to the l ight c lasses of fastness l i s t e d by the 
American Association of Texti le Chemists and C c l c r i s t s . 
2. Testing for Color Fastness to Washing 
For t h i s purpose, a l l samples were passed through the 
"•wash-wheel" t e s t a t the du Pont laboratory in Charlot te , North Carolina. 
This method of t e s t ing was chosen because i t i s the one commonly used 
by the dyeing and finishing industry to t e s t i t s own products for fading 
and shrinking. 
Two sets of samples of a l l constructions were sewn to an unsized, 
white base c loth . One se t was given one wash; the other set was given 
five washes, Each "wash consisted of a oO-minute run in a cy l indr i ca l , 
reversing, 2l|-inch rtwa3h-wheel", equipped with a pipe for in ject ing 
l ive steam. The machine was f i r s t loaded with the specimens and s t a r t ed . 
Then water and soap in the amount of one pound per gallon were added, 
after which the temperature was raised to 212gF with l ive steam. The 
steam was then shut off, and the machine run u n t i l the kO-minute point 
was reached. The soap solution was then drained without stopping the 
machine, the l a t t e r r e f i l l e d with water, and the temperature ra ised to 
ll;0°F. After five minutes the draining, r e f i l l i n g , and heating were 
repeated. At the end of *>£> minutes of t o t a l , elapsed t ime, the machine 
was a^ain drained and permitted to run unt i l i t reached the 60-minute 
poin t . 
The cloth was then extracted and dried, and pressed under a damp 
cloth with a hand i ron . 
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An examination of comparative fading was made by placing a l l 
samples -with' their unfaded controls on a table near a northerly window. 
Then t h e ; were examined visual ly and c l a s s i f i ed as to the decree of 
fading by the method practiced by the E. I . du Pont de Nencurs and 
Company. Part icular a t t en t ion was paid to the quant i ta t ive Iocs of 
color, with observations of changes in brightness and in hue, such as 
"redder" or "greener". Ratings v;x>re assigned from 1 to £ as shewn in 
Table VII. 
DISCUSSION OF RESULTS 
A. Light Fas tness Tes t s 
1 , I n i t i a l Fading Po in t s 
The r e s u l t s of t h i s t e s t a r c shown i n Table IV and i n 
F igures 3j Uj and 5 . I n gene ra l the re was an upward t rend from t h e 
t i g h t weave fad ing a t an ea r ly p o i n t to t he loose weave fading a t t he 
h ighes t p o i n t . This t r end i s not a s t r a i g h t l i n o c u r v e , however. 
That of the t i g h t and medium weaves l ay c lo se t o g e t h e r , bu t the loose 
weave faded a t a cons ide rab ly higher p o i n t . 
The t r e n d was the same i n a l l t h ree degrees of m e r c e r i z a t i o n , 
w i t h the p o i n t of i n i t i a l fad ing ly ing gene ra l l y h igher in the higher 
degrees of m e r c e r i z a t i o n . 
One ou t s t and ing r e s u l t of t he t e s t was t h a t t h e sa teen loose 
weave fu l ly mercer ised did net show any t r i c e s of p e r c e p t i b l e fading 
a t 296 hour s . 
The khaki co lo r had t h e same t r end th roughout . The brewn had 
s imi l a r r e s u l t s fo r a l l p l a i n weave v a r i a b l e s ; b u t for the t w i l l weave 
i t showed c o n s i s t e n t r e s u l t s only i n the unmercerized and ha l f -merce r i zed 
groups . For t h e sa t een weave only i n t h e ha l f -merce r i zed and f u l l y 
mercerized groups were uniform r e s u l t s ob t a ined . 
The pLiin weave shewed an upward trend from the loose to the 
t i g h t c o n s t r u c t i o n , fo r both the khaki and brown c o l o r s , and f o r a l l 
degrees of m e r c e r i z a t i o n . 
In the t w i l l weaves t h e khaki co lo r showed t h e same t rend f o r 
a l l degrees of m e r c e r i z a t i o n . The brown was c o n s i s t e n t only f o r the un— 
mfiTT.fiTn 7.FsH and VIA! f— nv^rnATH K&d irrrmnsa. Tn t.V» fii"1"lv m o v p ^ r i 7.0H ? r n n n 
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As to the sateen weave, the khaki color a;;ain showed a c l e a r , 
upward trendy bu t in the brown color unmercerized, t he loose weave 
faded f i r s t . 
Table I I show3 the index of the average inc rease in i n i t i a l fading 
p o i n t s f o r t he p l a i n , t w i l l , and s a t een weaves, t h a t of the t i g h t weaves 
being considered 100 per c e n t . 
TABLE I I 
INDEX OF THE AVERAGE INCREASE 
IN INITIAL FADING POINTS 
Fabr ic P la in We ave Twi l l \ 7eave Sateen Weave 
Cons t ruc t ion Khaki* * 
Brown 
Khaki* 5: : 3Wn 
•K-
Khaki Drcvrn 
Tight 100^ 100£ 100£ 100?! 1G0£ 100£ 
Medium 118* 12 6£ 11*32 135$ 01238 1572 
Loose 2133 2htf 2h3% 263^ 219% h!2% 
A l l degrees of merce r iza t ion* 
_^^Full aid ha3Lf—aercerization o n l y . 
Unaercerized and ha l f -merce r i zed only, 
2« Light Fading Curves 
The r e s u l t s of the examinat ion of l i g h t fad ing a t t h r e e 
s e l e c t e d p o i n t s of fading a r e shewn i n Tables V and 71 and i n F i g u r e s 6 
and 7. In t h e brown color a l l f a s t n e s s r a t i n g s were very high and were 
p r a c t i c a l l y the maximum tc be expected from the be s t of dyes . There 
were nc apprec iab le d i f f e rences among the weaves and c o n s t r u c t i o n s . As 
the f ad ing time progressed^ t h e f ad ing curve was nea r ly a s t r a i g h t 
l i n e , and the d i f f e rences tended t o d i s a p p e a r . 
VariaTion of Light Fas1ties s 
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The khaki color showed a consistent and d i s t i n c t trend. The 
loose weave )iad the highest r a t i ng , the aediun next , and the t i gh t 
•̂ reave the lowest. The fading curves were generally p a r a l l e l for a l l 
weaves and constructions and tended to merge at 225 hours. 
B, Wash Fastness Tests 
The evaluation of the t e s t for wash fas tness i s shewn in Table VII 
and in Figure 8. In general the p la in and t w i l l weaves shewed a uni-
form upward trend in fas tness from the t i g h t weave as the lowest to the 
loose weave a s the highest . 
The sateen weave was e r r a t i c . In the khaki color the medium 
construction appeared the f a s t e s t . In the brown color , the loose weave 
was fas tes t for the one-wash t e s t but poorest for the five-wash t e s t , 
The effect of mercerication was merely to narrow the differences 
between the brown and the khaki co lo r s . The overa l l fastness was not 
inproved. 
25 
. : :.. 
j 
Va Nat ion of Wash Fastness 
w/+h Fctbr/c Construct/on :j 









r Af /. r A^ ^ T 
K. 




T . M \ L 
T M L T M £- 7~
 M 
CONSTRUCTION 
Leaend:— *3 Tight- T 






J. I A 
CONCLUSIONS 
I t has been shown that var ia t ions in construction (ends per inch 
and picks per inch) have produced defini te var ia t ions in color fastness 
both to l igh t and to washing* 
A. Light Fastness 
1, A general increase in fastness from the t igh t to 
the loose construction was apparent. 
2, The ra te of increase in fas tness became greater as 
the number of picks per inch decreased, 
3 , The pla in weave showed th i s general trend d i s t i nc t ly 
throughout a l l the var iables of construct ion, merceriza-
t ion and dyeing. 
lw The r e s u l t s with the sateen and the t w i l l weaves were 
e r r a t i c . No trend was evident. 
5. Mercerisation ra ised the general level of a l l fastness 
values. I t did not a l t e r the general trend* 
6. All the khaki specimens exhibited a d i s t i n c t increase 
in fastness from t i gh t to loose construct ions. 
7. The brown specimens showed a l e s s d i s t inc t increase i n 
the same d i r ec t i on as tha t of t h e khaki. In the "break11 
t e s t the r e su l t s were e r r a t i c in the twi l l and sateen weaves. 
Moreover, the quant i ta t ive values of fastness obtained were 
extremely high for a l l periods of exposure, Ehe fading 
curvea tended to be s t r a igh t hor izonta l l ines close together . 
B. Wash Fastness 
1. The plain and twill weaves displayed an increasing 
fastness from the tight to the loose construction. This 
behavior was consistent throughout, 
2. The sateen weave was erratic and showed no general trend, 
3. Mercerization did not affect the trend in fastness. It 
merely narrowed the difference between the results of one 
wash and those of five washes, 
REC0I3JCNDATI0NS 
Tlds problem o f f e r s a ve ry v ide f i e l d f o r f u r t h e r i n v e s t i g a t i o n , 
The p resen t paper has combined t h e manufacturing v a r i a b l e s of weaves 
and cons t ruc t ions w i th the f i n i s h i n g v a r i a b l e s of me rce r i s a t i on and 
dyeing wi th v a t c o l o r s . Two avenues a r e open for a d d i t i o n a l r e s e a r c h , 
I n one, t h e r e s u l t s of t h i s paper cou ld be s tud ied in more d e t a i l . I n 
the o the r , d i f f e r e n t combinations of v a r i a b l e s could be examined, 
A fol low-through on the r e s u l t s of t h i s t h e s i s should e n t a i l a 
more d e t a i l e d s tudy of t h e p l a i n or t w i l l weave, f u l l y mercer ized , dyed 
wi th Ponsol Khaki 2G. Those v a r i a b l e s are recomioended because they have 
shown a acre uniform behavior than the o the r v a r i a b l e s examined, A 
s e r i e s of observa t ions should s u b s t a n t i a t e each of t h e r e s u l t s a l r e a d y 
obta ined in t h e t e s t s for I n i t i a l f ad ing p o i n t s , l i g h t fading c u r v e s , 
and wash f a s t n e s s . I t would be adv i sab l e to i n v e s t i g a t e more than 
t h r e e p e r i o d s of exposure i n t h e fade-ometer , i n order b e t t e r to a s c e r -
t a i n the shapes of the fading c u r v e s , Moreover, measurement of fading 
by means of the spectrophotometer would o f fe r a c l o se r and more a c c u r a t e 
means of measuring t h e amount of f a d i n g . 
Many o ther combinations of v a r i a b l e s could be examined. The 
e f f e c t of d i f f e r e n t counts and tw i s t could be s t u d i e d , a s w e l l a s t h e 
behavior of a d d i t i o n a l weaves and c o n s t r u c t i o n s . The r a n ; e i n p icks 
pe r inch from about 75 to about 30 would be most s u i t a b l e f o r f u r t h e r 
s tudy . Graduations of t e n a r e recommended. As t o d y e s , a d d i t i o n a l 
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COUNTS OF DYED CIOTH 
Unmercerized Half-Mercerized Fully Mercerized 
Fabric 
Construction ^ ^ Product ^^ Product ^^ Product 
Sley Picks Sley x Picks Sley Picks Sley x Picks Sley Picks Sley x Picks 
?lain(Tit5ht) 6? ' • ; 3728 67 53 3551 69 52 3588 
3lain(Mediura) 66 37 2lUi£ 67 36 2ul2 68 36 2Ui8 
i*lain(Lcose) 63 21 1323 61 21 1323 65 21 1365 
hri.ll(!KLjht) 70 £8 I1O6O 68 58 39hh 70 % 3920 
Vill(Meclium) 69 i t l 2829 63 ia 2788 69 ho 2760 
EVLll(Loose) 65 21 1365 6U 21 13hk 67 20 13U0 
l a t een(Tigh t ) 67 61 U087 67 61 1087 70 59 U30 
>ate en (Medium) 67 U2 28U4 65 U2 2730 68 hX 2788 
>ateen( Loose) 66 21* 1585 (6 2li 1560 67 21 1608 
LEnds per inch. 
Picks per inch. 
TABLE IV 
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INITIAL FADING POINTS OF DYED FABRICS 
(In Standard Fading Hours) 
Fabric 
Construction 
Uniaerceriaed Half-Mercerized Fully Mercerized 
Khaki Brown Khaki Brown Khaki Brown 
Plain (Tight) 85 99 125 99 
Plain (Medium) 125 99 125 Ho 
Plain (Loose) 206 266 23k 233 
Twill (Tight) 59 89 59 99 
Twill (Medium) 75 126 125 135 
Twill(Loose) 231* 21*7 261 2U7 
Sateen (Tight) 125 99 109 lhQ 
Sateen( Medina) 109 2ii7 125 D;9 
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TABUS V 
EVALUATION OF FASTNESS TO LIGHT TCSTS bY VISUAL EXAMINATION 
(Khaki Samples) 
Unmercerized Hali '-Mercerized Fully Mercerized 
Construction 109 187 225 109 187 225 109 137 225 
Std. tlrs . Std.Hrs. Std.Hrs. Std.Hrs. Std.Hrs. Std.Hrs. Std.Hrs. Std.Hrs. Std.Hrs. 
Plain(Tight) 7-3% 7 7 8-7 7-8 7 7-8 7-8 7 
Plain( Medium) 8% 7% 7H 8 8-7 7E 8% 8-7 7R 
Plain(Loose) 8 8% 7R 8 I 7-8R 8 8 7-SR 
Twill(Ti^ht) 8-7R 7 7R 8-7W 8-7 7-6R 8-7 8-7 7-6R 
Twill (Medium) OR 7 7R 8% 8-7R 7-6R a 8-7R 7-6R 
rwi11(Loose) Q 8% 7-8R 8 8% 7-8R B 8% 7-8R 
Sateen (Ti,-ht) 8 8-7*8 7R 8% 8-7% 7R 8-7Y 8-7% 7R 
Sateen (Medium) 8 3-7% 7-8R 8% 8% 7R 8 8% 7R 
Sateen(Loose) 0% 8% 7-8R 8 8 8R 8% 8 8R 
SYMBOLS 
R - Redder 
W - Weaker 
Y - Yellower 
% - Trace Redder 
nR - Noticeably Redder 
CLASSIFICATIONS 
The numbers, 1-8, represent the 
standard classifications for color 
fastness as set forth in the 
"Tentative Test Method No. l6-h5" 
of the American Association of 
Textile Chemists and Colorists. VJJ 
TABLE VI 
EVALUATION OF FASTNESS TO LIGHT TESTS bY VISUAL EXAMINATION 
(Brown Samples) 
Unrcercerized I lalf-Merceri zed Full^ - Mercerized 
T T Q I I H r — 
Cons t ruc t ion 60 110 233 CO 110 238 80 110 238 
Std.Hr; s . S t d . H r s . S t d . H r s . S t d . H r s . S t d . H r s . S t d . H r s . Std.Hrj 5. S t d . H r s . S t d . H r s . 
P la in (T i^h t ) 6nR 8-7R 8-7R 8 % 8 % 8-7R 8tR 8% 8 % 
Plain(Medium) 3*m 8tR 8-7R 8%t 8*® 8*8 8 % 8 8 % 
Plain(Loose) 8 % 8% 8-7R 8% 8 8*H 8 % Btfc 8 % 
Pwil l (Tinht ) GriR 8% 8R 8% 8 % 8tR 8 8 % 8*R 
rwill(fcfedium) 8 8tR 8% 8% 8 % 8-7"^ • 8% 8 % 
Pwill(Loose) 8 ^ 8% 8% 8 8 % 8tR 8 % 8 % 8 % 
Sateen (Tifcht) 8% 8% 8tR 8% 8 % 8-7*R 0 8 % 8 % 
Sateen(Medium) 8% 8% 6% 8 lR 8 8% 8 % 8 8*E 
Sateen(Loose) 8*R 8 8*11 8 8tR 8% 3 8 % 8tR 
SYMBOLS 
R - Redder 
W - Weaker 
T - Yellower 
R̂ - Trace Redder 
nR - Noticeably Redder 
CLASSIFICATIONS 
The numbers, 1-8, represent the 
standard classifications for color 
fastness as set forth in the 
"Tentative Test Method No. 16-U9* 
of the American Association of 
Textile Chemists and Colorists. 
w 
TABI£ VII 
EVALUATION OF HASHING TEST SAMPLES BY VISUAL INSPECTION 
Unmercerisad 
: ' • 1 : 
Half-Mercerized F u l l y Mercerized 
Fabric 
Construction 1-Wash 5-Washes 
Wfaah 5-Washes i-Wash 5-Washes 
Brown Khaki Brown K"h*»̂  Brown Khaki Brown Khaki Btrcrwn Khaki Brown Khaki 
Plain(ttght) 3-to 3G 3D 20 >4tD UO 3- to 3-2GD 3D tor 3D 3GD 
Plain(Meditm) 3-4JD to 3D 2-30 340) 1;G 3 - t o 30D 3D 2i*a 3D >1IGD 
Plain (Loose) to ! * • » >to 30 to U-Sa to 3-toD to ilGD to to 
Twill(Tight) 3-to 30 3D 2-3G 3-to U-30 3D 3G 3D U-3GD 3D 3GD 
TwiLi(Medium) 3-to U-30 3D 2-3G 3-to to 3D 3 - to 3D U-3GD 3D 3GD 
Twill(Loose) to to 3^D 2-30 to u-̂ G 3D to to U-5GD to 3-liGD 
Sateen(Tight) 3-to l*OG 3D 30 lir-SD U"G 3D 3G 3D 3-to 3-UGD 
Sateen (Medium) 3-to to 3D 3-2G to toG }~l& 3 - to 3-to U-3GD 3D 3-toD 










- Trace Greener 
- Noticeably Greener 
No* Fastness Fading 
£ Very Good Neg l ig ib l e or None 
$-k Very Good Trace 
4 Good Noticeable 
3 Fair ly Good Appreciable 
2 Moderate Considerable 
1 Poor Very Much 
r r 
r -
/ • * <• 
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TABI£ V I I I 
CALIBRATIOK DATA OF STANDARD FACING PAPER NO. 
EXPOSED OTH EACH FAEE-OUETER RUN 









Fading Hours as 





10 21.7 21.9 21.8 15.6 16.0 
' T"T 
3 20 26.0 26.0 26.0 27.6 27.9 
h 10 20.8 20.9 20.9 13.0 13.U 1 
5 20 25.1* 25.1* 25.1* 25.8 25.9 
6 20 27.0 27.0 27.0 30.3 
7 15 22.6 22.6 22.6 17.8 17.8 y / ( 
S 20 29.2 29.2 29.2 38.7 38.6 
9 2l* 28.7 28.7 28.7 36.6 36.2 
10 21 26.8 26.8 26.8 30.1 30.1 
U 2h 27.7 28.0 27.9 31.0 3lw2 
12 21 26.5 26.5 26.5 29.1* 29.1* 
13 15 2it.6 21*.6 2l*.6 23.0 23.0 
m 20 27.0 27.0 27.0 30.8 30.8 15 20 25.1* 25,1* 25.h 25.8 
16 20 25.5 25.5 25.5 26.0 
17 12 21.U 21.1* 21.1* Hi.5 
18 8-1/1* 19.1* 19.1* 19.lt 9.6 
19 20 25.1* 25.U 25.1* 25.8 
20 12 23.5 23.5 23.5 20.1 
21 10 20.5 20.5 20.5 12.2 
22 12 21*.2 21*.2 21*.2 22.2 
23 20 2U.7 2U.9 21*.8 2U.0 
21* 20 26.8 26.8 26.8 30.1 
2? 10 20.5 20.5 20.5 12.2 
26 12 21.2 21.2 21.2 Hi.2 
27 12 22.0 22.0 22.0 16.1 
28 12 21.5 21.6 21.6 15.1 
29 12 21.5 21.5 21.5 15.0 
30 20 21*.8 21*.8 2l*.8 2l*.0 
31 20 26.0 26.0 26.0 27.6 
32 20 26.6 26.6 26.6 29.7 
33 16-1/2 23.2 23.2 23.2 19.5 
Measured on the photovolt refleetometer, in terms of freshly cut 
magnesium oxide as 100 per cent. 
